Purpose: We investigated the ability of serum and urine Liver-Fatty Acid Binding Protein levels to predict mortality in patients with hepatic encephalopathy and/or compensated cirrhosis.
Introduction
Hepatic encephalopathy (HE) is a serious complication of cirrhosis that also leads to increased socioeconomic burden, morbidity, and mortality [1] . HE shows variable clinical findings that include mental or/and motor dysfunction in patients with decompensated cirrhosis [2] . In patients with cirrhosis, HE is associated with short survival. The expected survival of these patients, after liver transplantation, is lower than that for other liver transplant patients. The development of HE in patients with cirrhosis negatively impacts survival. A previous study showed that HE in patients with cirrhosis is associated with 1-and 3-year survival probabilities of 42% and 23%, respectively [3] . Another study suggested a 30% mortality rate if overt HE occurs in patients with end-stage liver disease [4] .
Fatty acid protein binding proteins (FABPs) are a family of 15-kDa cytoplasmic proteins that are involved in the intracellular transport of longchain fatty acids [5, 6] , and have tissue-specific expression profiles. L-FABP occurs mainly in the liver, but is also present, in small quantities, in the kidney and small intestine [7, 8] .
Serum and urine L-FABP levels were recently demonstrated to predict acute kidney injury, liver injury, and mortality [9, 10] . Previous studies showed that the prognostic markers associated with HE were age; elevated levels of serum bilirubin, alkaline phosphatase, potassium, blood urea nitrogen, and creatinine; elevated international normalized ratios (INR) and prothrombin activity; high Child-Turcot-Pugh (CTP) and Model for End-Stage Liver Disease (MELD) scores; and decreased levels of serum albumin and sodium [11, 12] . However, there is no literature suggesting L-FABP as a prognostic marker of mortality in patients with HE.
This study investigated the ability of serum and urine L-FABP levels to predict all-cause mortality in patients with HE with cirrhosis and compensated cirrhosis relative to control individuals without neurologic, psychiatric, or liver disease diagnoses.
Patients and Methods

Study Design
The study was a prospective observational cohort study, approved by our local Ethics Committee. All patients, or a first-degree relative, and control individuals signed informed consent forms. The exclusion criteria included the presence of malignancy, hepatocellular carcinoma (HCC), an active cerebrovascular event, shock, trauma, active infection, inflammatory disease, renal disease, use of nephrotoxic drugs and/or diuretics, intoxication, metabolic disorders, brain disorders, psychiatric diseases, and use of sedatives or psychiatric drugs. Between March 2012 and March 2013, consecutive patients with HE and compensated cirrhosis, admitted to the gastroenterology polyclinic without demonstrating any of the exclusion criteria, were enrolled into this study. We recorded all mortalities and their causes. We also determined the 3-month mortality for all participants; for discharged patients, mortality determinations were determined by telephone calls to family. The endpoint of the study was to investigate the ability of serum and urine L-FABP levels to predict short-term all-cause mortality in patients with HE.
Participants
This study involved three groups of patients. Group 1 comprised the control individuals who were consecutively enrolled upon presentation to the check-up polyclinic. Group 2 comprised patients with compensated cirrhosis. These patients were diagnosed with cirrhosis resulting from different causes. They did not have serious cirrhosis complications, such as HE, hepatorenal syndrome, bleeding varices, or hepatopulmonary syndrome. Group 3 patients had overt HE as well as being diagnosed with cirrhosis. HE grades were evaluated according to the West Haven Criteria for Semiquantitative Grading of Mental State. Grade 1 HE involves a trivial lack of awareness, euphoria or anxiety, a shortened attention span, and impaired performance of addition. Grade 2 patients demonstrate lethargy or apathy, minimal time or place disorientation, subtle personality changes, inappropriate behavior, and impaired performance of subtraction, Grade 3 HE describes patients in a state of somnolence to semi-stupor, but who are responsive to verbal stimuli, and who demonstrate confusion and gross disorientation, Grade 4 HE patients are comatose (unresponsive to verbal or noxious stimuli) [2] .
Each patient underwent an ultrasonographic evaluation to determine ascites severity (mild, moderate, or severe). Mild ascites (grade 1) is only detectable by ultrasound examination, moderate (grade 2) ascites is manifest by moderate symmetrical distension of the abdomen, and severe (grade 3) ascites is characterized by marked abdominal distension [13] .
Clinicodemographic data and collection of blood samples
Blood and urine samples were provided for analysis by all of the individuals in the three groups. Each patient determined to be suitable for inclusion in the study underwent a physical examination, and detailed medical histories were recorded. Serum and urine L-FABP levels were analysed from samples collected at baseline.
Serum and urine samples samples were centrifuged (1000×g), at 4°C, for 15 min, and stored at -80°C until analysis. Blood and urine samples were analysed using the Human L-FABP enzyme-linked immunosorbent assay kit (L-FABP, E91566Hu, USCN Life Science, Houston, TX, USA). Samples (100 µL) of serum or urine were added to microtitre plate wells, coated with a monoclonal antibody against human L-FABP, and incubated for 1 h at 37 o C. After removing the liquid, each well was incubated with a 100-µL aliquot of biotinylated monoclonal antibody and incubated for 1 h at 37 o C. The solution was removed by aspiration and the wells were washed 3 times, followed by the addition of 100 µL of avidin-conjugated horse radish peroxidase and incubation for 1 h at 37 o C. After aspirating the liquid and washing the wells 5 times, 100 µL of tetramethylbenzidine substrate was added to the wells to allow for color development, in a dark room. After developing for 10-30 min, the wells were read using a plate reader (Benchmark Plus, BioRad, Hercules, CA, USA) at 450 nm.
Statistical analysis
Data analyses were performed using SPSS for Windows, version SPSS 11.5. The descriptive statistics are shown as means ± standard deviations (SDs) for continuous variables or as numbers and percentages for categorical data. Between-group statistical significance was determined using one-way analysis of variance. The differences in non-normally distributed data (between the compensated cirrhosis and HE groups) were compared using the Mann-Whitney U-test; the Kruskal-Wallis test was applied for comparisons among more than two independent groups. When statistically significant p-values were obtained in one-way analysis of variance or Kruskal-Wallis test, post-hoc tests were performed using Tukey's honest significant difference test or Conover's multiple comparison test to determine where the significant difference occurred. Categorical data were analyzed using Pearson's chisquare test. Degrees of association between continuous variables were evaluated using Spearman's rank correlation analysis. Receiver operating characteristic (ROC) curve analyses were performed to determine the sensitivity and specificity of cut-off values for the serum and urinary L-FABP levels, ammonia level, CTP score, and MELD-sodium (MELD-NA) score predicting mortality. Diagnostic performance (i.e., sensitivity, specificity, and positive and negative predictive values) for each clinical measurement were also calculated.
Overall survival time was defined as the time between study entry and death or loss of contact. Based on serum and urine L-FABP categorical variables (above and below 8057.5 for serum L-FABP, above and below 9892.5 for urine L-FABP), estimated survival times were calculated for each variable using the KaplanMeier and log-rank tests. Whether serum or urine L-FABP levels were significantly related to overall survival was evaluated using multiple Cox proportional hazards regression analyses, after adjusting for several potential risk factors. Relative risks, 95% confidence intervals, and Wald statistics were also calculated for each independent variable. A p-value < 0.05 was considered statistically significant.
Results
Baseline characteristics
A total of 48 patients with cirrhosis (19 with HE, 29 with compensated cirrhosis) and 20 control individuals were enrolled in this study.
Baseline demographic and clinical features are shown in Table 1 . The underlying etiologies for liver disease included hepatitis B (11 patients, 22.9%), hepatitis C (7, 14.5%), primary biliary cirrhosis (2, 4.1%), and cryptogenic cirrhosis (28, 58.3%). The encephalopathy grades were 3 (18 patients with HE) and 4 (1 patient with HE). The ascites severity (grade) was significantly higher in patients with HE than in those with compensated cirrhosis (p=0.010). There was no statistically significant difference between groups in terms of gender (p=0.173).
Patients with HE had significantly higher serum L-FABP levels than control individuals had (p<0.001, Table 1 ). There was a statistically significant difference between the groups in terms of median serum L-FABP levels (p<0.001). Serum L-FABP levels were higher in patients with HE or compensated cirrhosis than in control individuals (both, p<0.001).
Urine L-FABP levels in patients with HE were higher than in control individuals (p<0.001). Figure 1 shows the levels of serum and urine L-FABP in the three groups. 
Correlations
Serum and urine L-FABP levels in the three groups showed significant positive correlations with serum ammonia levels. Serum and urine L-FABP levels in the groups showed significant positive correlations with serum creatinine levels. There was a significant positive correlation between both serum and urine L-FABP levels and INR. There was a significant negative correlation between serum and urine L-FABP levels and hemoglobin levels. There was no significant correlation between serum and urine L-FABP levels and the MELD-Na and CTP scores. The results of the correlation analyses are shown in Table 2 .
All-cause mortality
In total, 11 patients (22.9%) died during the 3-month follow-up period. Eight patients died during hospitalization, and 3 died after discharge; all 11 were patients with HE. The mortality rate was much higher in patients with HE than in patients with stable cirrhosis (p<0.001).
Among the included patients, there were no statistically significant differences between survivors and nonsurvivors in terms of age or gender, respectively ( Table 3) .
As shown in Table 3 , the mean serum L-FABP level in surviving patients was Similarly, there was no significant difference in urine L-FABP levels between patients who survived or died during the 3-month follow-up (Table 3 ).
There was a significant difference in the mean serum ammonia level between patients who did and did not die. Similarly, there were significant differences between these groups with repsect to their CTP and MELD-Na scores (both, p<0.001) ( Table 3) .
Multivariable Cox regression analyses showed that urine L-FABP (p=0.034), serum creatinine (p=0.050), and MELD-Na scores (p=0.002) independently predict mortality. Multivariable Cox regression models determined the best predictors of mortality, based on overall survival (Table 4) .
Patients with serum L-FABP levels>8057.5 ng/L survived for a shorter period than those with serum L-FABP levels<8057.5 ng/L ( Figure  2 , log-rank test).
ROC analysis
The cut-off values for the serum L-FABP level (AUC=0.701), urine L-FABP level (0.692), serum ammonia level (0.898), MELD-Na score (0.934), and CTP score (0.966) that predict the risk of all-cause mortality were determined using an ROC curve analysis ( Table 5 ). The ROC curve plots for serum and urine L-FABP levels are shown in Figure 3 .
Discussion
This study showed that serum and urine L-FABP levels are significantly higher in patients with HE than in patients with compensated cirrhosis and control individuals.
A previous study showed that MELD scores were correlated with poor prognoses in patients with HE [14] . Another study showed that MELD scores predicted 3-month mortality rates in patients with acute-on-chronic hepatitis B liver failure [15] . The MELD-Na score was a prognostic indicator of 30-and 90-day mortality in patients with end-stage liver disease, following the creation of transjugular intrahepatic portosystemic shunts [16] .
Prothrombin time, serum bilirubin levels, use of vasopressors, HE, and systemic inflammatory response syndrome have been suggested to be strongly correlated with the 3-month prognosis for patients with cirrhosis [17] . Bilirubin levels and INRs were significantly associated with transplant-free survival in patients with acute liver failure [18] . Another study showed that the presence of hepatorenal syndrome, MELD scores, CTP scores, and serum creatinine and potassium levels were significant predictors of all-cause mortality in patients with cirrhosis [19] .
Previous studies suggested that HE is significantly associated with mortality and post-liver transplantation survival [20] [21] [22] . One study showed that acute kidney injury, septic shock, and MELD-Na scores were significantly correlated with 50-day in-hospital mortality rates in patients with decompensated cirrhosis and spontaneous bacterial peritonitis [23] .
To date, some studies have been published describing the relationship between L-FABP levels and patient mortality. One showed that urine L-FABP levels predicted mortality in 5-yearold children with sepsis [24] . Another suggested that urine L-FABP levels predicted mortality in patients with acute kidney injuries [25] . A third study showed that urine L-FABP levels were associated with all-cause mortality in women with HIV infections [26] . Serum and intestinal L-FABP levels in patients dying due to sepsis were also shown to be higher than in patients surviving sepsis [27] . Finally, another study suggested that urine L-FABP levels are independent predictors of 90-day mortality in patients in intensive care units [28] .
However, no published study has shown a relationship between serum and urine L-FABP levels and mortality in patients with HE. Two studies reported on FABP levels and mortality rates in patients with cirrhosis. One showed that MELD scores, Child-Pugh scores, presence of ascites, serum interleukin-6 levels, and intestinal FABP levels were predictors of infection-free survival in patients with cirrhosis [29] . The other suggested that urine L-FABP levels were markers of acute kidney injury, and predicted mortality in patients with cirrhosis [30] .
MELD, MELD-Na, and CTP scores have been shown to predict mortality in patients with cirrhosis and HE. We investigated the ability of serum and urine L-FABP levels to predict the 3-month mortality of patients with HE. Serum L-FABP levels > 8057. 5 Serum and urine L-FABP levels correlated with the INR, total bilirubin, creatinine, and albumin values, but did not correlate with the MELD-Na and CTP scores. The reason for this interesting issue may be associated with the proportional calculation of the MELD-Na scores. These results may suggest that L-FABP levels should predict mortality in patients demonstrating kidney injury and/or severe inflammation, such as sepsis. In such cases, L-FABP levels may be poor predictors of mortality in the absence of kidney injury and/or inflammation in patients with compensated cirrhosis and/or HE. Previous studies have also suggested that L-FABP levels are predictive of mortality in patients with kidney injury and/or severe inflammation, such as sepsis. Otherwise, the small numbers of patients in our study (a study limitation) may have caused these results.
Neither the serum or urine L-FABP levels were significantly different between surviving and dying patients. This may be because the patients who died were only those in the HE group. L-FABP levels should predict mortality in patients with cirrhosis, not only in those with HE. Cox multivariate regression analyses showed that urine L-FABP levels, MELD-Na scores, and CTP scores were independent predictors of all-cause mortality in patients with HE. These results suggested that urine L-FABP levels may be more important than serum L-FABP levels for predicting mortality in patients with HE. Urine L-FABP levels should be more predictive than serum L-FABP levels for predicting mortality in patients with HE because urine L-FABP levels should correlate with tubulointerstitial damage and progression.
There were some limitations in our study. First, the number of patients in our study was small and reduced the statistical power of the study. Second, the follow-up period may need to be longer to allow mortality predictions in patients with compensated cirrhosis. The only patients who died, in our study, were in the HE group. Third, there was a broad age range for individuals in the control group and there was a statistical difference between the control group and the other groups relative to age. This was due to the control group including consecutive volunteers during check-ups at the polyclinic. The age difference should be considered to possibly impact L-FABP levels.
There is no study about serum/ urine L-FABP levels and mortality in patients with hepatic encephalopathy. Despite of some limitations, our study showed that urine L-FABP independently predict mortality in patients with hepatic encephalopathy. In addition, larger studies, with longer follow-up times, are needed to clarify the ability of serum and urine L-FABP levels to predict mortality in patients with compensated cirrhosis and/or HE.
